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The pollen morphology of 24 southern African species of Geranium L. (Geraniaceae) was studied. The pollen 
grains are tricolporate and prolate spheroidal. The exine structure is semitectate and reticulate with 
supratectal processes varying in size and morphology. All the species have basically the same pollen 
morphology. 
Die stuifmeelmorfologie van 24 Suider-Afrikaanse spesies van Geranium L. (Geraniaceae) is bestudeer. Die 
stuifmeelkorrels is trikolporaat en prolaat-sfero'idaal. Die eksien is semitektaat en geretikuleerd met 
supratektale uitgroeisels wat varieer in grootte en morfologie. AI die spesies het basies dieselfde 
stuifmeelmorfologie. 
Keywords: Geraniaceae, Geranium, pollen morphology. 
Introduction 
The family Geraniaceae includes the five genera, Erodium 
L'Herit., Geranium L., Monsonia L., Sarcocaulon (D.C.) 
Sweet and Pelargonium L'Herit. (Hutchinson 1969). The 
family is divided into two tribes, the Geranieae, which 
includes Erodium, Geranium, Monsonia and Sarcocaulon, 
the flowers of which are all basically actinomorphic, while 
Pelargonium, with zygomorphic flowers, is the sole genus 
of the Pelargonieae. There are, however, many Erodium 
species with zygomorphic flowers and some Pelargonium 
species with actinomorphic flowers. The common diagnostic 
feature of all five genera is the schizocarpic fruit. Geranium 
is distinguished from the other genera by the ten fertile 
stamens. The number of fertile stamens in other genera is 15 
in Monsonia and Sarcocaulon, 5 in Erodium and 2 - 7 in 
Pelargonium. 
Geranium includes about 400 species occurring mainly in 
temperate regions . The majority of the species of Geranium 
in southern Africa are strictly herbaceous perennials, new 
flowering shoots being produced from the stock each year. 
In southern Africa, Hilliard and Burtt (1985) recognized 27 
native species, and four aliens. One of the natives, G. 
arabicum Forssk., is a tropical African species of sect. 
Simensia Knuth and has only been recorded once. The 
remainder of the native species belong to sect. Incana 
Reiche. 
According to Hilliard and Burtt (1985), characters of 
major taxonomic importance are habit, the incisions of leaf 
margins of the leaves, and sometimes indumentum. There is 
also no doubt that the species hybridize naturally. 
Monographs on Monsonia (Venter 1979) and Sarco-
caulon (Moffett 1979), and revisions of Geranium (Hilliard 
& Burtt 1985), Erodium (Venter & Verhoeven 1990), and 
Pelargonium (Olivier & Van der Walt 1984; Van der Walt 
1985; Van der Walt & Boucher 1986; Van der Walt & Van 
Zyl 1988; Van der Walt, et al. 1990a; Scheltema & Van der 
Walt 1990) have been published in the recent revision of the 
Geraniaceae in southern Africa. 
Since Bortenschlager's preliminary study on the pollen 
morphology of the Geraniaceae, the pollen morphology of 
Monsonia (Verhoeven & Venter 1986), Sarcocaulon 
(Verhoeven & Venter 1988), and Erodium (Verhoeven & 
Venter 1987) of the southern African Geraniaceae, Erodium 
in the Middle East (EI-Oqlah 1983) and north-western 
Europe (Stafford & Blackmore 1991), and Geranium in 
north-western Europe (Stafford & Blackmore 1991) has 
been studied. Several taxonomic papers on Pelargonium 
include pollen descriptions (Van der Walt & Van Zyl 1988; 
Van der Walt et al. 1990a, 1990b; Marais 1990, 1991). This 
study forms part of a comprehensive palynological investi-
gation of the southern African Geraniaceae. 
Materials and Methods 
Pollen was obtained from herbarium specimens. The collect-
ors and the localities where materials were obtained, are 
shown in Table 1. Hilliard & Burtt's (1985) identification of 
Table 1 Taxa and voucher specimens from which pollen was studied 
Taxon Collector Locality Herbarium 
G. arabicum Forssk. No pollen available 
G. amatolicum Hilliard & Burtt Hilliard & Burtt 13260, 28 Oct. 1980 Katberg (3226 BC) NU 
Hilliard & Burtt 14796, 9 Dec. 1981 Stutterheim distr. (3227 CAIB) NU 
G. angustipetalum Hilliard & Burtt No pollen available 
G. baurianum Knuth Hilliard & Burtt 7517,29 Nov. 1973 Alfred distr. (3029 DA) NU 
Hilliard & Burtt 12389, 26 Jan. 1979 Katberg Pass (3226 DA) NU 
Hilliard & Burtt 10543, 20 Nov. 1977 Alfred distr. (3029 DA) NU 
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Table 1 Continued 
Taxon Collector Locality Herbarium 
G. brycei N.E.Br. Hilliard & Burtt 16701,15 Nov. 1983 Elliot distr. (3127 BB) NU 
Hilliard & Burtt 14733, 6 Dec. 1981 Barkley East (3027 BC) NU 
Hilliard & Burtt 12082, 12 Jan. 1979 Maseru distr. (2927 BD) PRE 
G. caffrwn Ecklon & Zeyher Hilliard & Burtt 13243, 25 Oct. 1990 Somerset East distr. (3225 DA) NU 
Moffett 440,4 Nov. 1974 Oudtshoorn distr. (3322 AC) STE-U 
G. canescens L'H6rit. Van der Walt 1935, 26 Oct. 1977 Tulbagh (3319 AC) STE-U 
Esterhuysen 19219, 4 Nov. 1951 Worcester (3319 CB) PRE 
G. contortum Ecklon & Zeyher Hilliard & Burtt 14782, 8 Dec. 1981 Cathcart distr. (3227 AC) NU 
Hilliard & Burtt 14797, 9 Dec. 1981 Stutterheim distr. (3227 CAIB) NU 
G. discolor Hilliard & Burtt Hilliard & Burtt 14787, 9 Dec. 1981 Stutterheim distr. (3227 CA/B) NU 
Hilliard & Burtt 11047, 14 Dec. 1977 Stutterheim distr. (3227 CB) NU 
Hanagan 2161, Nov. 1983 King Williams Town (3227 CD) PRE 
G. drakensbergense Hilliard & Burtt Manning, Hilliard & Burtt 15913, Underberg distr. (2929 CB) NU 
12 Dec. 1982 
G. dregei Hilliard & Burtt Potts s.n. (BLFU 7911), 24 Jan. 1925 Trompsburg (3025 BB) BLFU 
Verdoorn 1564, 22 Jan. 1935 Middelburg distr. (3125 AC) PRE 
Hanagan 1420, Dec. 1892 Kimberley (2824 DA) PRE 
G. flanaganii Schltr. ex. Knuth Gordon-Gray 670, 11 Sept. 1966 Elliotdale distr. (3128 DC) NU 
Acocks 9323, 15 Nov. 1942 Stutterheim (3227 CB) PRE 
Hilliard & Burtt 7219, 14 Nov. 1973 Alfred distr. (3029 DA) PRE 
G. grandistipulatwn Hilliard & Burtt Acocks 9089 A, 10 Oct. 1942 Stutterheim distr. (3227 CAIB) PRE 
G. harveyi Briq. Hilliard & Burtt 10648 A, 26 Nov. 1977 Wapadsberg Pass (3124 DD) NU 
Moffett 2892,13 Jan. 1981 Tarkastad (3226 AB) NU 
Galpin 1631, Nov. 1893 Queenstown (3126 DD) PRE 
G. incanum Burm.f. 
G. incanum var. incanwn Hilliard & Burtt 13091, 1 Oct. 1980 Betty's Bay (3418 BD) NU 
G. incanum var. multifidum Hilliard & Burtt 14831, 15 Dec. 1981 Sea View (3225 CD) NU 
(Sweet) Hilliard & Burtt Batten 620, 6 Sept. 1982 Sedgefield (3422 BB) NU 
G. magniflorwn Knuth Hilliard & Burtt 864927 Dec. 1975 Witzieshoek (2828 DB) NU 
Hilliard & Burtt 14570, 29 Nov. 1981 Lady Grey (3027 CA) NU 
Hilliard & Burtt 8853, 17 Jan. 1976 Underberg (2929 CB) NU 
G. multisectwn N.E.Br. Bredenkamp 314,20 Nov. 1971 Johannesburg (2628 AA) PRE 
Wright 1618, 11 Dec. 1973 Giant's Castle Pass (2929 AD) NU 
Hilliard & Burtt 8866, 18 Jan. 1976 Sani Pass (2929 CB) NU 
Hilliard & Burtt 9535, 14 Dec. 1976 Harrismith (2829 AC) NU 
G. natalense Hilliard & Burtt No pollen available 
G. nyassense Knuth Netshiungane 608, 14 June 1978 Tshamanyatsha (2230 CD) PRE 
G. omithododioides Hilliard & Burtt Haygarth 22749, Oct. 1921 Kranzkloof (2930 DD) PRE 
G. omithopodon Ecklon & Zeyher Hilliard & Burtt 13191, 20 Oct. 1980 Stutterheim (3227 CB) NU 
Hilliard & Burtt 13092, 1 Oct. 1980 Betty's Bay (3418 BD) NU 
G. pulchrwn N.E.Br. Wright 1887, 2 Nov. 1974 Kamberg (2929 BD) NU 
Hilliard & Burtt 7769,28 Jan. 1975 Underberg (2929 CD) PRE 
Trauseld 161, Jan. 1964 Royal Natal National Park (2828 DB) PRE 
G. robustwn Kuntze Richardson 155, 16 Oct. 1982 Ladybrand (2927 AB) NU 
Hilliard & Burtt 14568, 30 Nov. 1981 Lady Grey (3027 CA) NU 
Hilliard & Burtt 12312, 21 Jan. 1979 Clifford (3127 AB) NU 
G. schlechteri Knuth Hilliard & Burtt 8982, 5 Feb. 1976 Underberg (2929 CD) NU 
Hilliard & Burtt 8670, 28 Dec. 1975 Witzieshoek (2828 DB) NU 
G. sparsif10rwn Schltr. ex Knuth Strey 8967, 27 Aug. 1969 Port St. Johns (3129 BC) PRE 
G. subglabrwn Hilliard & Burtt Hutchings 833, 29 Nov. 1983 Tsolo distr. (3128 BC) NU 
Hilliard & Burtt 13949, 11 Feb. 1981 Baziya Mountain (3128 CB) PRE 
G. wakkerstroomianwn Knuth Hilliard & Burtt 14781, 8 Dec. 1981 Windvogelberg (3227 AC) NU 
Hilliard & Burtt 9315,21 Nov. 1976 Underberg (2929 CD) NU 
Hilliard & Burtt 13671, 25 Nov. 1980 Underberg (2929 CD) NU 
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the 27 species of Geranium is followed in this study. Only 
specimens determined by Hilliard were used. For both light 
microscopy (LM) and scanning electron microscopy (SEM) 
study, pollen was acetolysed according to the method of 
Erdtman (1960). Acetolysed samples for SEM were rinsed 
in acetic acid, washed twice in water, air-dried on stubs, 
coated with gold and examined with a Jeol 6400 SEM at 20 
kY. For light microscopy the remainder of acetolysed 
material was prepared according to the method of Reitsma 
(1969). Samples were examined with a Zeiss photomicro-
scope. Measurements of pollen grain size are based on a 
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Figure 1 Polar diameter of pollen grains of Geranium species. 
Mean value and standard deviation. Groups were identified by 
multivariate cluster analysis (clustering by average method). 
tv 
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species according to pollen grain size was done by multi-
variate cluster analysis (clustering by average method). A 
complete set of slides has been filed in the Department of 
Botany and Genetics, University of the Orange Free State, 
Bloemfontein. 
For transmission electron microscopy (TEM) fresh mater-
ial was used. Anthers were fixed in 3% phosphate-buffered 
glutaraldehyde (0.1 mol dm-3 phosphate buffer, pH 7.0), 
postfixed in 1 % phosphate-buffered osmium tetroxide, dehy-
drated in ethyl alcohol, followed by two changes of propy-
lene oxide, and then embedded in Spurr's low-viscosity 
resin (Spurr 1969). Sections were made with glass knives, 
stained with uranyl acetate followed by lead citrate and 
examined with a Philips 300 electron microscope at 60 kY. 
Results 
Pollen grains of the southern African species of Geranium 
are tricolporate and prolate spheroidal. The outlines in 
equatorial and polar views are circular. In size they range 
from 68 to 115 J.1m (polar diameter) and 69 to 115 J.1m 
(equatorial diameter) (Table 2, Figure 1). The PIE ratio is 
0.94 - 1.02. Ora are round to lolongate. The ora are general-
ly well delimited towards the poles but less distinctly so 
laterally (Figure 2). Often the endoaperture appears to be 
poorly developed or absent, and the grains appear tricolpate 
(Figure 3). 
Exine structure is semitectate and reticulate. The exine is 
divided into sexine and nexine, which are of similar electron 
density (Figure 4). Nexine is of regular thickness and 
perforated with narrow channels (Figures 4 & 5). Sexine is 
approximately 4 - 6 times as thick as nexine. Sexine 
consists of columellae, tectum, and supratectal processes 
(Figures 4 & 5). The columellae are unbranched and of 
uniform size or slightly constricted in the middle. The 
supratectal processes vary in size and morphology. They 
may be baculae (more or less the same diameter 
throughout), and/or gemmae and clavae. Gemmae are 
constricted at the base and wider than they are tall. Clavae 
are constricted at the base but longer than wide [terminology 
according to Reitsma (1970)]. The supratectal processes 
alternate in position with the underlying columellae. The 
swollen apices of the supratectal processes are smooth or 
Figures 2 & 3 Scanning electron micrographs of pollen grains of Geranium species. 2. G. harveyi (Moffett 2892), equatorial view. 
3. G.jlanaganii (Hilliard & Burtt 7219), equatorial view. 
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Table 2 Diameter of pollen grains (f.lm) 
Taxon Polar diameter Equatorial diameter PIE ratio 
G. arabicum 
G. amatolicum 1 (88-) 92.3 (-96) ± 2.4 (89-) 96.6 (-100) ± 3.9 0.96 
2 (89-) 96.5 (-104) ± 3.1 (94-) 98.4 (-106) ± 3.5 0.98 
G. angustipetalum 
G. baurianum (72-) 75.6 (-79) ± 2.2 (72-) 76.5 (-81) ± 2 0.99 
2 (71-) 74.4 (-77) ± 1.8 (72-) 75.4 (-79) ± 2 0.99 
3 (70-) 76.3 (-81) ± 3.2 (76-) 77 (-80) ± 2.1 0.99 
G. brycei 1 (83-) 85.9 (-89) ± 2 (81-) 84.4 (-87) ± 2.3 1.02 
2 (76-) 79 (-84) ± 2.2 (77-) 79.7 (-84) ± 1.5 0.99 
3 (79-) 83 (-88) ± 2.5 (79-) 82.3 (-86) ± 2.5 1.01 
G. caffrum (84-) 88.6 (-92) ± 2.3 (83-) 88.1 (-92) ± 2.6 1.01 
2 (78-) 81.1 (-87) ± 2.8 (81-) 83.9 (-86) ± 1.5 0.97 
G. canescens (81-) 84.8 (-86) ± 2.3 (80-) 83.3 (-90) ± 4.1 1.01 
2 (77-) 82.6 (-86) ± 2.6 (79-) 82.7 (-86) ± 2.3 0.99 
G. contortum (81-) 85.5 (-90) ± 2.3 (81-) 85.3 (-89) ± 2.1 1.00 
2 (77-) 81.8 (-89) ± 3.6 (80-) 84.5 (-89) ± 2.5 0.97 
G. discolor (89- ) 93.1 (-95) ± 2.3 (91-) 93.6 (-97) ± 2.4 0.99 
2 (92-) 97.9 (-l01) ± 2.2 (92-) 96.9 (-l00) ± 2.2 1.01 
3 (96-) 100 (-104) ± 3 (97-) 101.6 (-106) ± 2.6 0.94 
G. drakensbergense (81-) 84.4 (-90) ± 1.7 (83-) 86.4 (-91) ± 2.2 0.99 
G. dregei 1 (75-) 77.3 (-81) ± 1.9 (74-) 77.3 (-81) ± 2.1 1.00 
2 (72-) 77.5 (-80) ± 2.4 (74-) 76.2 (-78) ± 1.4 1.01 
3 (72-) 75.8 (-80) ± 2.1 (74-) 76.8 (-80) ± 2.3 0.98 
G. jlanaganii 1 (81-) 84.3 (-88) ± 1.8 (81-) 82.8 (-86) ± 1.4 1.02 
2 (85-) 86.8 (-89) ± 1.3 (84-) 88.5 (-90) ± 2 0.98 
3 (84-) 85.2 (-88) ± 1.2 (83-) 85.5 (-88) ± 1.5 0.99 
G. grandistipulatum (103-) 109.5 (-l15) ± 3 (108-) 110.1 (-l15) ± 2.6 0.99 
G. harveyi (81-) 83.9 (-86) ± 1.6 (81-) 84.9 (-89) ± 2.3 0.99 
2 (81-) 83.9 (-88) ± 1.9 (81-) 84.7 (-90) ± 2.3 0.99 
3 (92-) 97.4 (-l0l) ± 2.7 (94-) 95.6 (-l00) ± 1.9 1.02 
G. incanum var. incanum 1 (81-) 84.8 (-90) ± 2.5 (81-) 84.4 (-88) ± 2 1.00 
G. incanum 1 (81-) 87.2 (-92) ± 2.8 (84-) 86.9 (-94) ± 2.7 1.00 
var. multifidum 2 (85-) 87.3 (-90) ± 1.9 (85-) 87.4 (-91) ± 2.1 1.00 
G. magnijlorum 1 (77-) 79.9 (-84) ± 2.1 (77- ) 80.3 (-85) ± 3.1 1.00 
2 (81-) 86.1 (-90) ± 2.7 (86-) 89.7 (-94) ± 2.2 0.96 
3 (81-) 83.9 (-87) ± 2 (82-) 84.1 (-86) ± 1.3 1.00 
G. multisectum 1 (81-) 83.7 (-86) ± 1 (82-) 84.4 (-86) ± 1.5 0.99 
2 (76-) 78 (-81) ± 1.8 (77-) 79.7 (-83) ± 1.8 0.98 
3 (68-) 72.4 (-77) ± 2 (70-) 72.4 (-76) ± 1.6 1.00 
4 (83-) 86.3 (-90) ± 2.1 (82-) 85.2 (-88) ± 1.7 1.01 
G. natalense 
G. nyassense (77-) 82.9 (-86) ± 2.7 (80-) 82.8 (-86) ± 1.6 1.00 
G. ornithopodioides (86-) 90.3 (-95) ± 2.8 (89-) 93.6 (-l00) ± 3.8 0.96 
G. ornithopodon 1 (7ff-.) 80.5 (-86) ± 2.8 (76-) 78.8 (-83) ± 1.8 1.02 
2 (77-) 81.7 (-87) ± 3.2 (77-) 80.5 (-86) ± 2.6 1.01 
G. pulchrum (92-) 96.1 (-l01) ± 3.1 (92-) 97.4 (-l01) ± 2.8 0.99 
2 (88-) 94 (-103) ± 4 (97-) 100.2 (-106) ± 3.1 0.94 
3 (84-) 89.9 (-94) ± 3 (88-) 90.3 (-92) ± 2 1.00 
G. robustum (95-) 100.1 (-108) ± 3.3 (98-) 1U1.9 (-108) ± 2.6 0.98 
2 (94-) 96.2 (-l01) ± 2.3 (91-) 96.1 (-98) ± 2.3 1.00 
3 (91-) 95 (-104) ± 3.5 (92-) 97.3 (-105) ± 4 0.98 
G. schlechteri (72-) 74.6 (-76) ± 1.5 (72-) 75.4 (-79) ± 1.8 0.99 
2 (68-) 71.6 (-75) ± 2 (69-) 71.9 (-77) ± 1.6 1.00 
G. sparsijlorum (81-) 85 (-90) ± 2.7 (84-) 86.9 (-92) ± 2.8 0.98 
G. subglabrum 1 (77-) 82.2 (-86) ± 2.9 (77-) 82.6 (-88) ± 3.4 1.00 
2 (77-) 78.7 (-81) ± 1.7 (77-) 78.6 (-84) ± 2.4 1.00 
G. wakkerstroomianum 1 (68-) 72.5 (-78) ± 2.4 (70-) 73.7 (-77) ± 2.1 0.98 
2 (70-) 72.8 (-75) ± 1.3 (71-) 72.9 (-75) ± 1.1 0.99 
3 (76-) 78.6 (-83) ± 1.8 (75-) 78.1 (-79) ± 1.1 1.01 
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Figure 4 Transmission electron micrograph of mesocolpial view 
of G. incanum pollen wall. C, columella; I, intine; N, nexine; T, 
tectum. Scale bar: 1 IJ-m. 
Figure 5 SEM micrograph of cross-section of G. sparsiflorum 
(Strey 8967) pollen grain, showing exine structure. C, columella; 
N, nexine; SP, supratectal processes; T, tectum. 
S.-Afr.Tydskr.Plantk., 1992, 58(6) 
may have one or more furrows or ridges which are aligned 
parallel to the underlying muri (Figure 6). Sometimes the 
furrows may be further dissected by a series of finer 
perpendicular furrows (Figure 7). Fusing of supratectal 
elements is especially noticeable in G. magniflorum Knuth 
where three to four supratectal processes may fuse, giving a 
striate appearance (Figures 8 & 9). Fusing of supratectal 
elements at a lesser scale (not giving a striate appearance), 
was observed in G. canescens L'Herit., G. multisectum N.E. 
Br., G. robustum Kuntze and G. sparsiflorum Schltr. ex 
Knuth (Figures 10 - 13). The fusing of supratectal processes 
leads to a great variation in the size of the supratectal 
processes, giving the pollen grain an irregular-surface 
appearance. In species where there is little variation in the 
size of the supratectal processes, the grains appear very 
regular (Figures 14 - 17). In G. ornithopodon Ecklon & 
Zeyher the supratectal processes appear smooth and 
spherical (Figure 18). 
Discussion 
In a preliminary study on the pollen morphology of the 
Geraniaceae, Bortenschlager (1967) showed that the pollen 
morphology of the family is diverse. Bortenschlager (1967) 
examined 83 Geranium species and recognized two basic 
types, namely the Geranium phaeum type and the Geranium 
multiflorum type. The G. phaeum type is characterized by 
very regular supratectal processes whereas the G. multi-
florum type is characterized by supratectal processes of two 
sizes (small and large) with no transitional forms. Borten-
schlager (1967) classified only seven species in the G. multi-
florum type. 
Stafford and Blackmore (1991) identified four groups of 
Geranium pollen in their investigation of 23 species from 
north-western Europe. The groups were distinguished by the 
size of the grains and the variation in size and density of the 
supra tec tal processes. They observed a certain degree of 
overlap between the four groups. 
In this study of the southern African Geranium species, 
clearly delimited groups could not be identified on the basis 
of the variation of supratectal processes. All the southern 
African species have the G. phaeum type of pollen grain 
(Bortenschlager 1967). Geranium magniflorum could be 
Figures 6 & 7 SEM micrographs of pollen grains of G. sparsiflorum (Strey 8967). Detail of ornamentation (ridges on supratectal 
processes) . 
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Figures 8 &9 SEM micrographs of G. magnijlorum (Hilliard & Burtt 14570) pollen, showing fusion of supratectal processes. 8. Polar 
view. 9. Detail of ornamentation. 
Figures 10 - 13 SEM micrographs of Geranium pollen grains with irregular-surface appearance. 10. G. robustum (Hilliard & Burtt 
12312), polar view. 11. G. robustum (Hilliard & Burtt 12312), detail of ornamentation. 12. G. multisectum (Hilliard & Burtt 8866), 
polar view. 13. G. multisectum (Hilliard & Burtt 8866), detail of ornamentation. 
identified by its striate appearance due to fusion of supra-
tectal processes. Geranium canescens, G. multisectum, G. 
robustum and G. sparsiflorum can be grouped together 
owing to great variation in the size of the supratectal 
processes, giVIng the pollen grains an irregular-surface 
(exine) appearance. There is, however, a certain degree of 
overlap between these pollen grains and those that appear 
regular owing to a small variation in the size of the supra-
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Figures 14 -17 SEM micrographs of Geranium pollen grains with little variation in size of supratectal processes. 14. G. brycei 
(Hilliard & Burtt 16701), polar view. 15. G. brycei (Hilliard & Burtt 16701), detail of ornamentation. 16. G. caffrum (Moffett 440), 
polar view. 17. G. caffrum (Moffett 440), detail of ornamentation. 
Figure 18 SEM micrograph of G. ornithopodon (Hilliard & 
Burtt 13191) pollen. Detail of ornamentation (supratectal pro-
cesses smooth and spherical). 
tectal processes. On the basis of pollen grain size, four 
groups can be recognized (Figure 1). The group with the 
smallest pollen grains (73 - 77 f.tm) includes species G. 
baurianum Knuth, G. dregei Hilliard & Burtt, G. schlechteri 
Knuth, and G. wakkerstroomianum Knuth. The group with 
the largest pollen grains (110 f.tm) consists of a single 
species, G. grandistipulatum Hilliard & Burtt, which is 
unusual among South African species in that the stipules are 
not much divided. The majority of species (15) fall in the 
group with pollen grains 80 - 90 f.tm in diameter. Accord-
ing to Hilliard and Burtt (1985), certain Geranium species 
can be or have been confused. In several of these instances 
pollen grain size can be used to distinguish between these 
species, viz. G. schlechteri Knuth and G. ornithopodon, 
G. schlechteri and G. flanaganii Schltr. ex Knuth, and 
G. amatolicum Hilliard & Burtt and G. ornithopodon. 
In the Geraniaceae of southern Africa, the pollen mor-
phology of Geranium is the most distinct pollen type of the 
family. The presence of supratectal processes projecting 
from the muri is characteristic for Geranium pollen. 
Erodium is characterized by striate-reticulate pollen 
(Bortenschlager 1967; EI-Oqlah 1953; Verhoeven & Venter 
1987; Stafford & Blackmore 1991). Outside southern Africa 
at least six species of Erodium occur with supratectal 
processes resembling Geranium pollen (Bortenschlager 
1967; EI-Oqlah 1983). In Sarcocaulon and Monsonia the 
exine struqure is reticulate with muri encompassing 5 - 7 
S.Afr.J.Bot., 1992, 58(6) 
angular lumina (Bortenschlager 1967; Verhoeven & Venter; 
1988). Monsonia nivea (Decne.) Webb and M. helio-
tropiodes (Cav.) Boiss are endemic to the Sahara and Sind 
deserts and are the only Monsonia species with supratectal 
processes. The presence of supratectal processes indicates a 
resemblance with Geranium pollen. Pelargonium pollen 
varies from reticulate to reticulate-striate (Van der Walt & 
Van Zyl; Marais 1990; 1991; Verhoeven & Marais 1990). 
The present study shows that Geranium has a distinct 
pollen type in the family Geraniaceae. 
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